than from inorganic fertilizer or dairy manure, respectively (Sistani et al., 2010) . Similarly, crop N uptake can increase with greater rates of turkey litter applied to a claypan soil (Motavalli et al., 2003) As litter rates increase, N and P can accumulate in the soil (Adeli et al., 2009; Mitchell and Tu, 2006) , and potential losses, such as in runoff (Harmel et al., 2009) , can be greater. However, incorporation of manures by tillage has the potential to reduce runoff N and P losses (Kaiser et al., 2009; Little et al., 2005) .
Using nutrient budgets in agricultural systems may be an informative tool for assessing inputs, outputs, changes in storage, and unaccounted-for N and P in systems involving application of animal wastes and/or commercial inorganic fertilizers. Examining nutrient budgets may provide insight into the effect of poultry waste applications on the components of removal and storage and on the amounts of unaccounted-for N and P in those systems. For instance, Maltais-Landry et al. (2016) found that using manures with low N/P ratios confirmed "the need to use complementary N sources such as N-fixation or N-rich fertilizer to balance P budgets." The objective of this study was to calculate budgets for N and P nutrients as affected by turkey litter and inorganic fertilizer applications to claypan soil and by incorporation by tillage.
MATERIALS AND METHODS

Background Site Information
This paper on N and P budgets was part of a larger water quality project (Sweeney et al., 2012) that also examined nutrient uptake and crop yield (Sweeney et al., 2013) . The overall project was conducted from spring 2005 to spring 2008 at an off-station location in southeastern Kansas. The soil was a claypan soil typical of the area and consisted of topsoil <30 cm overlying a deep claypan B horizon (Parsons silt loam [fine, mixed, active thermic Mollic Albaqualf ]). The topsoil has an available water holding capacity of ~5 cm, and the subsoil has a low percolation rate of <0.15 cm h -1 (Rott et al., 1973) . Selected background soil analyses in the 0-to 15-cm depth were pH 6.4, 2.4 mg kg -1 NO 3 -N, 10 mg kg -1 Bray-1 P, 63 mg kg -1 extractable K, and 14 g kg -1 organic matter analyzed by North Central Region recommended procedures (Brown, 1998) and 6.3 mg kg -1 NH 4 -N (Keeney and Nelson, 1982) .
Experiment Description
The water quality runoff project (Sweeney et al., 2012) was conducted at a field-scale size, which limited the randomized complete block experimental design to two replications of five treatments. Selected combinations of turkey litter and/or inorganic fertilizer and tillage comprised the five treatments. Four of the five treatments were applied without tillage and without incorporation of surface-applied amendments. These consisted of (i) a control treatment with no turkey litter or N-P fertilizer; (ii) inorganic fertilizer only (Fert), which was applied annually at a rate of 135 kg N ha -1 and 24.5 kg P ha -1 ; (iii) turkey litter applied based on crop N needs supplying 135 kg of potentially available N (N-based turkey litter [TL-N]) and thus excess P; and (iv) turkey litter as P-based turkey litter and supplemental nitrogen (TL-P), supplying 24.5 kg P ha -1 applied based on crop P needs but requiring additional inorganic N fertilizer to achieve the annual target of 135 kg N ha -1 of potentially available N. The fifth treatment (TL-P-C) was similar to the fourth treatment, which consisted of applying turkey litter based on crop P needs with additional inorganic N fertilizer, but the applications were followed by incorporation with chisel (~15 cm deep) and disk (~5-10 cm deep) tillage operations on the same or the subsequent day. These N-based and P-based turkey litter rates approximate the range from high to low expected to be used by regional producers. Turkey litter was obtained from a local turkey operation. Three-year average chemical analyses showed that the turkey litter contained 32.6 g kg -1 total N and 25.5 g kg -1 total P (Bremner and Mulvaney, 1982) , 4.0 g kg -1 NH 4 -N (Keeney and Nelson, 1982) , and 1.6 g kg -1 NO 3 -N (Gelderman and Beegle, 1998) . For calculations of potentially available N (PAN) of the turkey litter, PAN was estimated to be the sum of the fraction of organic N that mineralizes (assumed to be 50%) plus the fraction of NH 4 -N that does not volatilize (assumed to be 80%) plus NO 3 -N. All P in the turkey litter was assumed to be plant available. Liquid ureaammonium nitrate (280 g N kg -1 ) and ammonium polyphosphate (100 g N kg -1 , 150 g P kg -1 ) were the inorganic fertilizer sources.
Each year in all treatments, grain sorghum [Sorghum bicolor (L.) Moench] was planted between mid-June and early July at a rate of 153,000 seeds ha -1 in 76-cm rows. To minimize the possible effects of K contained in the turkey litter on sorghum production, all plots received 46 kg K ha -1 as potassium chloride (500 g K kg -1 ) applied 5 cm to the side and 5 cm below the row with the planter's dry fertilizer attachment. Plot size was 30 m by 132 m (0.4 ha [1.0 acre]) for the large-scale water quality project (Sweeney et al., 2012) , but agronomic measurements were obtained from a subarea of 3 m by 15 m located near the center of each plot (Sweeney et al., 2013) . A subsample of the harvested grain from each plot was dried at 60°C, ground, and analyzed for total N and total P by colorimetric analyses (Technicon Industrial Systems, 1977) of a H 2 SO 4 -H 2 O 2 digest (Lindner and Harley, 1942) . Nitrogen and P removal in grain was calculated by multiplying grain yields reported by Sweeney et al. (2013) with N and P concentrations in grain. Soil samples were taken from each plot at the 0-to 7.5-cm and the 7.5-to 15-cm depths on 7 June 2005 and on 26 Nov. 2007. Total N and total P were determined in soil samples by colorimetric analyses (Technicon Industrial Systems, 1977) of a H 2 SO 4 -H 2 O 2 digest (Lindner and Harley, 1942) .
Components of N and P budgets were determined by inputs of inorganic fertilizer N and P and/or turkey litter; outputs of N and P, such as losses in surface runoff and as by grain removal; and changes in total N and total P soil storage and estimates of temporarily stored N and P in undecomposed stalk residue. This may be represented as:
Nutrient inputs − Nutrient outputs = Change in nutrient storage + Unaccounted for nutrients.
Measured annual growing-season losses of N and P in runoff and the sample collection protocol were reported in Sweeney et al. (2012) . However, because soil samples were collected in late November 2007, the N and P losses measured in spring 2008 and reported in Sweeney et al. (2012) were not included in the 3-yr totals for budgeting in this paper. In late November 2007, the remaining grain sorghum stalks appeared little changed after grain harvesting earlier in the month; also, some stalk residues from previous years were still evident. The N and P contained in the stalks produced during the 3 yr was calculated by subtracting the nutrients removed in grain each year from the N and P measured in physiologically mature samples reported in Sweeney et al. (2013) . Based on grain sorghum residue decomposition reported by Ghidley and Alberts (1993) , it was assumed that the nutrients remaining in the stalks were as follows: 90% for the stalks just harvested in the third year, 50% of the secondyear stalks that were harvested just over a year prior or 20% if the stalks had been incorporated, and 20% for nutrients in firstyear stalks that had been harvested 2 yr prior. Thus, the amount of N and P temporarily stored in those remaining stalks in late November 2007 was estimated as the sum of the nutrients in undecomposed stalks during the 3 yr. Changes in soil N and P were determined by taking the difference in concentrations of the beginning and final total soil N and P, multiplying by the bulk density, and converting to a per-hectare basis for each depth (0-7.5 and 7.5-15 cm). Bulk density samples taken post-study were unaffected by treatments, and values averaged 1.10 g cm -3 for the 0-to 7.5-cm depth and 1.44 g cm -3 for the 7.5-to 15-cm depth (individual treatment data not shown).
The Proc Mixed procedure of SAS 9.4 software for Windows (SAS Institute Inc.) was used to statistically analyze measured variables. Treatment was considered fixed, and replication was considered random. Treatment means were compared using Fisher's LSD with statistical significance at P = 0.10.
RESULTS AND DISCUSSION
Inputs
Turkey litter and inorganic fertilizer N and P inputs over the 3-yr period from 2005 through 2007 are shown in Table 1 . Annual applications of N were based on supplying 135 kg N ha -1 of potentially available N, either as inorganic fertilizer, turkey litter, or both for all treatments except the control, which received no N or P applications. For the Fert treatment, the inorganic N fertilizer was assumed to be all available to the plant. However, for the TL-N treatment, to achieve a target N application rate of 135 kg of potentially available N ha -1 yr -1 , the required turkey litter application summed over the 3-yr period was 721 kg total N ha -1 . For the two P-based turkey litter treatments (TL-P and TL-P-C), supplying the target annual P amount resulted in 95 kg total N ha -1 from turkey litter and required an additional 348 kg N ha -1 from supplemental inorganic fertilizer, making a total of 443 kg total N ha -1 over the 3-yr period. Because P applied as either turkey litter or inorganic fertilizer was considered plant available, the Fert treatment and the P-based (TL-P and TL-P-C) turkey litter treatments received 73 kg P ha -1 over the 3-yr period. However, the N-based turkey litter treatment (TL-N) received excess P totaling 565 kg ha -1 during the study.
Nitrogen Output
Potential outputs of N from the system include, but may not be limited to, losses in surface runoff, leaching losses, volatilization, denitrification, and removal in harvested grain. On this claypan soil, leaching losses were assumed to be negligible because of the low percolation rates through the claypan subsoil (Rott et al., 1973) . Gaseous losses by either volatilization or denitrification were not measured in this study but were likely potential sources of unaccounted-for N in the N budget. For the N budget, which covered only until November 2007, total N losses summed over the 3-yr period did not include the spring 2008 runoff, which was included in results presented in Sweeney et al. (2012) . As a result, even though measured total N runoff losses through November 2007 ranged up to 60 kg ha -1 with the TL-N treatment (Fig. 1A) , differences among treatments were not significant (p = 0.11) but showed similar trends as presented in the previous publication, which included the spring 2008 measured N runoff (Sweeney et al., 2012) . However, for all treatments the percentage of N lost by surface runoff during the growing season represented <10% of the total N applied. Nitrogen removed in the grain summed over the 3 yr was similar for all treatments receiving N regardless of nutrient source or tillage ( Fig. 2A) and was >110 kg ha -1 . Similarly, results from Mitchell and Tu (2005) suggested little difference in grain yield or N availability between ammonium nitrate and broiler litter N sources or incorporation with conventional tillage or surface-applied with conservation tillage. In this study, the 40% or greater reduction in grain N removal in the control as compared with the treatments receiving inorganic fertilizer and/or turkey litter was similar to the grain yield reduction from applying no N or P reported in Sweeney et al. (2013) .
Phosphorus Output
Potential outputs of P from the system may be more limited than N losses. Phosphorus outputs on this claypan soil are largely related to surface runoff losses and removal in grain. Total P loss in runoff summed over the 3-yr period exceeded 25 kg ha -1 from the TL-N treatment, whereas total P runoff losses were <10 kg ha -1 for all other treatments and were not different among those nutrient sources and tillage (Fig. 1B) . Little et al. (2005) reported reductions in total P and total N in surface runoff with various tillage methods, and these reductions were similar to the nonsignificant differences in P losses reported in this study between the TL-P and TL-P-C treatments (Fig. 1A, 1B ). However, similar to N in runoff, P runoff losses for all treatments accounted for <15% of the amount applied. Phosphorus removal 24.5 73 0 73 † Control, no fertilizer or turkey litter application; Fert, inorganic fertilizer only; TL-N, N-based turkey litter application; TL-P, P-based turkey litter and supplemental N application; TL-P-C, P-based turkey litter and supplemental N application with incorporation by tillage. ‡ Potentially available N (PAN) was estimated as the sum of the fraction of organic N that mineralizes (assumed to be 50%) plus the fraction of NH 4 -N that does not volatilize (assumed to be 80%) plus NO 3 -N.
in the grain in this study in the TL-N treatment totaled nearly 60 kg ha -1 over the 3-yr period (Fig. 2B) , which was 44 to 122% greater than P removed in the control or fertilizer or turkey litter treatments receiving 73 kg P ha -1 yr -1 .
Nitrogen Storage
Storage of N in the systems likely is due to the N remaining in undecomposed stalks and changes in total soil N. The N temporarily stored in undecomposed stalks was not directly measured in this study but was estimated from the measured amount in physiologically mature samples referenced in Sweeney et al. (2013) minus grain removal. These values were then reduced by decomposition based on results reported by Ghidley and Alberts (1993) . The N remaining in stalks in November 2007 was estimated to be between 28 and 70 kg N ha -1 and was not affected by treatment (data not shown). Soil total N in the 0-to 7.5-cm depth at the beginning of the study in spring 2005 ranged from 825 to 875 mg kg -1 , with minor overlapping differences between the treatments (Fig. 3A) . However, by November 2007, the soil total N in the TL-N treatment was >1000 mg kg -1 . This was also greater than the soil total N levels for other treatments. The soil N in those other four treatments ranged from 856 to 899 mg kg -1 , with no differences among nutrient sources or tillage. Similarly, Sistani et al. (2010) found around a 20% increase in soil total N from high versus low litter application rates. In this study, there were no differences in soil total N concentration in the 7.5-to 15-cm depth among the treatments at the beginning or end of the study (Fig. 3B) . As a result, the change in total N in the soil was 161 kg ha -1 in the TL-N treatment, and this was greater than the nearly no change in soil total N in the control, the Fert, and the TL-P treatment (Fig. 3C) . The increase in TL-P-C treatment of 103 kg ha -1 was intermediate but was not different from changes that took place with all the other treatments and may reflect some reduction in gaseous losses of N by incorporation. Surfacebroadcast applications of N can result in greater N 2 O emissions from claypan soil (Nash et al., 2012) 
Phosphorus Storage
Similar to N, the storage of P in the systems likely is due to the P remaining in undecomposed stalks and changes in total soil P. The P remaining in undecomposed stalks was estimated to range from 5 to 21 kg ha -1 , with no differences among treatments (data not shown). Soil total P concentrations in the 0-to 7.5-cm depth were unaffected by treatments in spring 2005 and averaged 211 mg kg -1 (Fig. 3D ). However, in fall 2007, total P concentration of >500 mg kg -1 in the TL-N treatment was greater than values measured in the other treatments, which were similar to values measured in spring 2005. As with soil total N concentrations, soil total P concentrations in the 7.5-to 15-cm depth were unaffected by treatment both in spring 2005 and fall 2007 (Fig. 3E) . The change in soil total P was 265 kg ha -1 for the N-based treatment (TL-N), and this was greater than the 45 kg ha -1 or lower change in the other treatments regardless of nutrient source or tillage (Fig. 3F ). This change in soil P relative to turkey litter input for the TL-N treatment was 0.47 kg kg -1 (265 kg/565 kg) on this claypan soil. This more than doubled the 0.23 kg kg -1 value for poultry litter applied at high rates on a sandy loam soil in Georgia (Endale et al., 2010) .
Unaccounted-For Nitrogen
Unaccounted-for N during the 3-yr period exceeded 170 kg ha -1 for all treatments except the control (Fig. 4A ). Unaccounted-for N was 310 kg ha -1 for the 3-yr period in the TL-N treatment, and this was greater than the amount that was unaccounted for in the Fert and TL-P-C treatments. However, on a percentage basis, the unaccounted-for N in those three treatments represented ~40% of the added total N. Even though the 245 kg N ha -1 that was unaccounted for in the TL-P treatment was intermediate, it represented 55% of the total N applied in that treatment. Muñoz et al. (2003) found that 36% of applied 15 N in multiple applications of dairy manure was unaccounted for and was assumed to be lost mainly by denitrification and NH 3 volatilization. Even though Marshall et al. (2001) did not find volatilization and denitrification losses to be high from broiler litter applications, they found that >50% of the applied N appeared to be "destined for a fate other than plant uptake." In this study, because soil total N changed little in the control treatment (Fig. 3C ), the N removed in grain and estimated in undecomposed stalks resulted in an apparent gain (negative loss) of 108 kg N ha -1 in the system during the 3-yr study. Unmeasured rainfall deposition may have contributed slight amounts of N; however, this apparent gain in the control is likely due to roots in the control treatment reaching below 15 cm and extracting N, even though soil total N levels were unaffected by treatments in the 15-to 30-cm depth (data not shown). Thus, the values shown in Fig. 4B for unaccounted-for N in the fertilizer/turkey litter treatments may be conservative estimates. These results suggest that, regardless of the N source or incorporation by tillage, potential N losses beyond the measured runoff during the growing season each year and grain removal can be substantial on this claypan soil. We postulate that these unaccounted-for N losses were either lost in gaseous form through volatilization and, more likely, denitrification because of potential perching of water above the claypan that can be measured in these soils (Buckley et al., 2010) or in runoff during the period of the year from late November to early April, which was unmonitored.
Unaccounted-For Phosphorus
For all treatments other than the TL-N treatment, there appeared to be an apparent gain (negative loss) in P of 3 to 35 kg ha -1 during the study (Fig. 4B) , likely due to deeper root extraction of P not accounted for in the budget. These results support that using fertilizer or turkey litter applied at rates to supply plant P needs should not result in unaccounted-for P in the system. However, applying turkey litter to supply plant N needs for high-N-requiring crops, like grain sorghum, will usually result in overapplication of P. As a result, in the TL-N treatment, there was nearly 200 kg ha -1 of unaccounted-for P over the 3-yr period. Potential unaccounted-for P loss mechanisms on this slowly permeable claypan soil may be limited and seem to largely consist of the surface runoff during the nonmeasured winter period when crops were not growing. Winter weather in southeastern Kansas is quite variable and often involves many temperature extremes. Multiple freeze-thaw cycles of plant material have been shown to increase water-extractable P to >40% of total P (Bechmann et al., 2005) . In this study, sediment losses were low (1% slope), ortho-P was >80% of total P lost in runoff during the crop growing season, and both ortho-P and total P losses increased each year with continued turkey litter or fertilizer application (Sweeney et al., 2012) . Thus, if the hypothesis that at least a portion of the P that was unaccounted for in the N-based turkey litter treatment may have been lost in runoff during the off-season, this may represent a substantial, but largely often overlooked, loss pathway when assessing the effect of excess P when applying high rates of turkey litter with no tillage incorporation on a claypan soil in this geographical region.
CONCLUSIONS Nitrogen
Because application rates of N were based on PAN to the crop, treatments with turkey litter applications differed in total N input compared with Fert. Even though measured outputs of runoff N from April through November and grain N removal appeared variable, there was no difference between treatments receiving inorganic fertilizer and/or turkey litter. The range of estimated N stored in grain sorghum stalks present at the end of the study was also not affected by treatments. However, the increase in soil total N concentration in the 0-to 7.5-cm depth resulted in a change in soil total N storage of 161 kg ha -1 , which was greater than the nearly no change in storage in the Control, Fert, and TL-P treatments. Calculated values of unaccounted-for N across the 3 yr exceeded 170 kg ha -1 for all treatments except the control, with the greatest amount unaccounted for in the TL-N treatment. Regardless of source or incorporation by tillage, potential N losses beyond those measured in runoff during the growing season and by grain N removal may be substantial, perhaps largely as denitrification on this claypan soil.
Phosphorus
In the inorganic fertilizer treatment and the turkey litter treatments designed to supply crop P needs, total 3-yr inputs were 73 kg P ha -1 . However, in the TL-N treatment, where turkey litter was applied to supply all crop N needs, the turkey litter P concentration resulted in P being overapplied and totaled 565 kg ha -1 for the 3-yr period. As a result, measured outputs of runoff total P and P removed in grain were greater in the TL-N treatment. Similarly, soil total P concentration was more than doubled in the 0-to 7.5-cm depth, which resulted in a change in soil total P of 265 kg ha -1 compared with a change of 45 kg ha -1 or less in the other treatments. For treatments other than TL-N, there was an apparent gain of 3 to 35 kg P ha -1 , likely from root extraction from soil zones below the depths used for this budget analysis. However, in the TL-N treatment there was nearly 200 kg P ha -1 that was unaccounted for. The mechanisms to explain this may be unclear, but high application rates of turkey litter to supply crop N needs will overapply P and may result in substantial amounts of unaccounted-for P that may be lost to the environment.
